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Description 

[0001] The present invention concerns a method as 
defined in the preamble of claim 1 and an apparatus as 
defined in the preamble of claim 11, and 16, i.e., a meth- 
od and an apparatus for timed measurement of the volt- 
age across a device in the charging circuit of a piezoe- 
lectric element. 

[0002] The present piezoelectric elements being con- 
sidered in more detail are, in particular but not exclu- 
sively, piezoelectric elements used as actuators. Piezo- 
electric elements can be used for such purposes be- 
cause, as is known, they possess the property of con- 
tracting or expanding as a function of a voltage applied 
thereto. The practical implementation of actuators using 
piezoelectric elements is advantageous in particular if 
the actuator in question must perform rapid and/or fre- 
quent movements. 

[0003] US 5,130,598 discloses an apparatus for driv- 
ing a piezoelectric actuator comprising charging and 
discharging means that monitor the voltage level of the 
piezoelectric actuator. 

[0004] EP 0 464 443 A1 discloses a device for driving 
a piezoelectric element comprising detecting means for 
detecting a negative voltage at a terminal of the piezo- 
electric element after a discharging operation of the pi- 
ezoelectric element is completed and before a charging 
operation of the piezoelectric element is started. 
[0005] The use of piezoelectric elements as actuators 
proves to be advantageous, inter alia, in fuel injection 
nozzles for B1 and EP 0 379 182 B1 regarding the us- 
ability of piezoelectric elements as injection valve actu- 
ators. 

[0006] Such piezoelectric elements are charged to a 
specific, generally working point-dependent, voltage. 
The piezoelectric elements experience a longitudinal 
expansion that is used to control the opening and clos- 
ing of the injection valves. By appropriately charging and 
discharging the piezoelectric elements, a desired injec- 
tion operation or injection profile may be obtained. 
[0007] Fig. 7 is a schematic representation of a fuel 
injection system using a piezoelectric element 2010 as 
an actuator. Referring to Fig. 7, the piezoelectric ele- 
ment 2010 is electrically energized to expand and con- 
tract in response to a given activation voltage. The pie- 
zoelectric element 2010 is coupled to a piston 2015. In 
the expanded state, the piezoelectric element 2010 
causes the piston 2015 to protrude into a hydraulic 
adapter 2020 which contains a hydraulic fluid, for exam- 
ple fuel. As a result of the piezoelectric element's ex- 
pansion, a double acting control valve 2025 is hydrauli- 
cally pushed away from hydraulic adapter 2020 and the 
valve plug 2035 is extended away from a first closed 
position 2040. The combination of double acting control 
valve 2025 and hollow bore 2050 is often referred to as 
double acting, double seat valve for the reason that 
when piezoelectric element 2010 is in an unexcited 
state, the double acting control valve 2025 rests in its 
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first closed position 2040. On the other hand, when the 
piezoelectric element 2010 is fully extended, it rests in 
its second closed position 2030. The later position of 
valve plug 2035 is schematically represented with ghost 

5 lines in Fig. 7. 

[0008] The fuel injection system comprises an injec- 
tion needle 2070 allowing for injection of fuel from a 
pressurized fuel supply line 2060 into the cylinder (not 
shown) . When the piezoelectric element 2010 is unex- 

10 cited or when it is fully extended, the double acting con- 
trol valve 2025 rests respectively in its first closed posi- 
tion 2040 or in its second closed position 2030. In either 
case, the hydraulic rail pressure maintains injection nee- 
dle 2070 at a closed position. Thus, the fuel mixture 

15 does not enter into the cylinder (not shown). Conversely, 
when the piezoelectric element 201 0 is excited such that 
double acting control valve 2025 is in the so-called mid- 
position with respect to the hollow bore 2050, then there 
is a pressure drop in the pressurized fuel supply line 

20 2060. This pressure drop results in a pressure differen- 
tial in the pressurized fuel supply line 2060 between the 
top and the bottom of the injection needle 2070 so that 
the injection needle 2070 is lifted allowing for fuel injec- 
tion into the cylinder (not shown). 

25 [0009] A more detailed description of a corresponding 
system can be found at German patent application Nos. 
DE 197 42 073 A1 and DE 1976 29 844 A1 . These pat- 
ent applications disclose piezoelectric elements with 
double acting, double seat valves for controlling injec- 

30 tion needles in a fuel injection system. 

[0010] In order to achieve precise fuel injection vol- 
umes, high accuracy in the degree of longitudinal ex- 
pansion of the piezoelectric element is important, and, 
hence, a high accuracy in the charge voltage level is 

35 important. Aging phenomena and temperature may 
have marked effects on the longitudinal expansion, or 
stroke, and capacitance of a piezoelectric element. A 
desired stroke may require different charge voltages, 
depending on the age and/or temperature of the actua- 

40 tor element. In order to ensure a desired stroke of the 
actuator and especially of an associated valve, the 
charge voltage must be accordingly regulated. It is 
therefore important to be able to measure the voltage 
across a piezoelectric element in a timely and accurate 

45 fashion. It may also be important to be able to measure 
the voltage across a buffer capacitor in the charging cir- 
cuit of a piezoelectric element for diagnostic purposes. 
[0011] An object of the invention is to measure the 
voltage values of devices in the charging circuit of a pi- 

so ezoelectric element in a timely and accurate fashion us- 
ing a simple measurement and timing concept. The ca- 
pacitance and energy loss or the power dissipation fac- 
tor of the actuator may be determined. It is thereby pos- 
sible to compensate for actuator aging phenomena and 

55 accordingly regulate the actuator reference voltage. The 
buffer capacitor and associated circuitry may also be di- 
agnosed. 

[0012] The present invention employs a voltage 
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measurement triggered in actuator-specific fashion in 
synchronization with the injection operation. Control or 
correction of the actuator voltage, as well as diagnosis 
of the buffer capacitor, is thereby enabled. The desired 
actuator stroke can be achieved with greater accuracy 5 
than before, thus yielding more accurate injection. 
[0013] The invention will be explained below in more 
detail with reference to exemplary embodiments, refer- 
ring to the figures in which: 

10 

Fig. 1 a shows a graph depicting an injection cycle 
for a piezoelectric element used as an ac- 
tuator; 

Fig. 1b shows a graph representing injection con- 15 
trol valve position corresponding to the in- 
jection cycle of Fig. 1a; 

Fig. 1c shows a graph depicting strobe pulses 

corresponding to the injection cycle of Fig. 20 
1a; 

Fig. 1d shows a graph depicting voltage meas- 
urement trigger pulses corresponding to 
the injection cycle of Fig. 1a; 25 

Fig. 2 shows a schematic diagram of an exem- 

plary apparatus for timed measurement of 
the voltage across at least one piezoelec- 
tric element of a fuel injection system; 30 

Fig. 3a shows a schematic circuit diagram for ex- 
plaining a first charging phase (charging 
switch 220 closed) in the apparatus of Fig. 
2; 35 

Fig. 3b shows a schematic circuit diagram for ex- 
plaining a second charging phase (charg- 
ing switch 220 open) in the apparatus of 
Fig. 2; 40 

Fig. 3c shows a schematic circuit diagram for ex- 
plaining a first discharging phase (dis- 
charging switch 230 closed) in the appa- 
ratus of Fig. 2; 45 

Fig. 3d shows a schematic circuit diagram for ex- 
plaining a second discharging phase (dis- 
charging switch 230 open) in the appara- 
tus of Fig. 2; 50 

Fig. 4 shows a block diagram of the activation IC 

E of Fig. 2; 

Fig. 5 shows a block diagram of the control unit 55 

D of Fig. 2; 

Figs. 6a-d show graphs similar to those of Figs. 1a-d, 



Fig. 7 



for timing voltage measurement trigger 
pulses so as to avoid piezoelectric actua- 
tor voltage oscillations following a charg- 
ing/discharging action of the actuator; and 

shows a schematic representation of a fu- 
el injection system. 



[0014] Reference is first had to Figs.1a-d, the graphs 
in which all share a common time axis along the hori- 
zontal from left to right. 

[001 5] Fig. 1 a shows a graph depicting an exemplary 
injection profile for an injection cycle of a piezoelectric 
actuator. Time is along the horizontal axis from left to 
right. A positive displacement on the vertical axis repre- 
sents the existence of an injection event. VE1, VE2, HE 
and NE represent first pre-injection, second pre-injec- 
tion, main injection and post-injection, respectively, 
events. 

[001 6] Fig. 1 b shows a graphical representation of in- 
jection control valve position corresponding to the injec- 
tion profile of Fig. 1a for a double seat control valve dis- 
placed by the piezoelectric actuator. The vertical axis 
represents control valve position, with LC indicating the 
lower seat closed position, MO representing middle 
open position, and UC representing the upper seat 
closed position. Injection events VE1 , VE2, HE and NE, 
correspond to those shown in Fig. 1a. As is evident, in- 
jection events occur when the control valve is in the mid- 
dle open position MO, while no injection occurs when 
the control valve is in either the lower seat closed posi- 
tion LC or the upper seat closed position UC. 
[0017] Fig.lc shows a graph depicting strobe pulses 2 
corresponding to the injection profile of Fig. 1a. The 
strobe pulses 2 serve as trigger signals for starting a 
charging or discharging action of the piezoelectric actu- 
ator, and correspondingly starting or ending an injection 
event. Accordingly, as may be seen by comparing Figs. 
1a and 1c, strobe pulses 2 correspond to the start and 
end of injection events VE1, VE2, HE and NE. As dis- 
cussed above, selective charging and discharging of the 
piezoelectric actuator cause the actuator to longitudinal- 
ly expand, thereby opening and closing the injection 
valve to achieve a desired injection profile. Strobe puls- 
es 2 are produced by a piezoelectric actuator control 
system, an exemplary embodiment of which will be dis- 
cussed in further detail below. 

[0018] Fig. 1d shows a graph depicting voltage meas- 
urement trigger pulses 4 corresponding to the injection 
profile of Fig. 1a Voltage measurement trigger pulses 4 
serve to cause the voltage across the piezoelectric ele- 
ment to be read and stored. Voltage measurement trig- 
ger pulses 4 preferably occur a constant time offset At 
before or after an intentional charging or discharging 
event of the piezoelectric element. This corresponds to 
a time offset At before the beginning or after the trailing 
edge of a strobe pulse 2. Fig. 1d depicts an embodiment 
in which voltage measurement trigger pulses 4 are set 
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to occur a time offset At after the trailing edge of a strobe 
pulse. In other embodiments of the present invention, 
the time offset At may be of variable magnitude and/or 
may occur before the beginning of some strobe pulses 
and after the end of other strobe pulses. Voltage meas- 
urement trigger pulses 4 are produced by the piezoe- 
lectric actuator control system, an exemplary embodi- 
ment of which will be discussed in further detail below. 
[0019] Reference is now had to Fig. 2, which shows 
a schematic diagram of an exemplary apparatus for 
timed measurement of the voltage across at least one 
piezoelectric element of a fuel injection system. In Fig. 
2 there is a detailed area A and a non-detailed area B, 
the separation of which is indicated by a dashed line c. 
The detailed area A comprises a circuit for charging and 
discharging piezoelectric elements 10, 20, 30, 40, 50 
and 60. In the example being considered, these piezo- 
electric elements 10, 20, 30, 40, 50, 60 are actuators in 
fuel injection nozzles (in particular in so-called common 
rail injectors) of an internal combustion engine. Piezoe- 
lectric elements can be used for such purposes be- 
cause, as is known, they possess the property of con- 
tracting or expanding as a function of a voltage applied 
thereto or occurring therein. The non-detailed area B 
comprises a control unit D and an activation IC E by both 
of which the elements within the detailed area A are con- 
trolled, as well as measuring components F for meas- 
uring occurring rail pressures. 

[0020] As mentioned above, the circuit within the de- 
tailed area A comprises six piezoelectric elements 10, 
20, 30, 40, 50, 60. The reason to take six piezoelectric 
elements 10, 20, 30, 40, 50, 60 in the embodiment de- 
scribed is to independently control six cylinders within a 
combustion engine; hence, any other number of piezo- 
electric elements might match any other purpose. 
[0021] The piezoelectric elements 10, 20, 30, 40, 50, 
60 are distributed into a first group, or bank, G1 and a 
second group, or bank, G2, each comprising three pie- 
zoelectric elements (i.e., piezoelectric elements 10, 20 
and 30 in the first group G1 and piezoelectric elements 
40, 50 and 60 in the second group G2). Groups G1 and 
G2 are constituents of circuit parts connected in parallel 
with one another. Group selector switches 310, 320 can 
be used to establish which of the groups G1, G2 of pie- 
zoelectric elements 10, 20 and 30 and 40, 50 and 60, 
respectively, will be discharged in each case by a com- 
mon charging and discharging apparatus (however, the 
group selector switches 310, 320 are meaningless for 
charging procedures, as is explained in further detail be- 
low). 

[0022] The group selector switches 310, 320 are ar- 
ranged between a coil 240 and the respective groups 
G1 and G2 (the coil-side terminals thereof) and are im- 
plemented as transistors. Side drivers 311 , 321 are im- 
plemented which transform control signals received 
from the activation IC E into voltages which are eligible 
for closing and opening the switches as required. 
[0023] Diodes 315 and 325 (referred to as group se- 



lector diodes), respectively, are provided in parallel with 
the group selector switches 310, 320. If the group se- 
lector switches 310, 320 are implemented as MOSFETs 
or IGBTs, for example, these group selector diodes 315, 

5 325 can be constituted by the parasitic diodes them- 
selves. The diodes 315, 325 bypass the group selector 
switches 310, 320 during charging procedures. Hence, 
the functionality of the group selector switches 310, 320 
is reduced to select a group G1, G2 of piezoelectric el- 

10 ements 10, 20 and 30, resp. 40, 50 and 60 for a dis- 
charging procedure only. 

[0024] Within each group G1 resp. G2 the piezoelec- 
tric elements 10, 20 and 30, resp. 40, 50 and 60 are 
arranged as constituents of piezo branches 110, 120 

15 and 130 (group G1) and 140, 150 and 160 (group G2) 
that are connected in parallel. Each piezo branch com- 
prises a series circuit made up of a first parallel circuit 
comprising a piezoelectric element 10, 20, 30, 40, 50 
resp. 60 and a resistor 13, 23, 33, 43, 53 resp. 63 (re- 

20 ferred to as branch resistors) and a second parallel cir- 
cuit made up of a selector switch implemented as a tran- 
sistor 11,21,31,41,51 resp. 61 (referred to as branch 
selector switches) and a diode 12, 22, 32, 42, 52 resp. 

62 (referred to as branch diodes). 

25 [0025] The branch resistors 13, 23, 33, 43, 53 resp. 

63 cause each corresponding piezoelectric element 10, 
20, 30, 40, 50 resp. 60 during and after a charging pro- 
cedure to continuously discharge themselves, since 
they connect both terminals of each capacitive piezoe- 

30 lectric element 10, 20, 30, 40, 50, resp. 60 one to an- 
other. However, the branch resistors 13, 23, 33, 43, 53 
resp. 63 are sufficiently large to make this procedure 
slow compared to the controlled charging and discharg- 
ing procedures as described below. Hence, it is still a 

35 reasonable assumption to consider the charge of any 
piezoelectric element 10, 20, 30, 40, 50 or 60 as un- 
changing within a relevant time after a charging proce- 
dure (the reason to nevertheless implement the branch 
resistors 13, 23, 33, 43, 53 and 63 is to avoid remaining 

40 charges on the piezoelectric elements 10, 20, 30, 40, 
50 and 60 in case of a breakdown of the system or other 
exceptional situations). Hence, the branch resistors 13, 
23, 33, 43, 53 and 63 may be neglected in the following 
description. 

45 [0026] The branch selector switch/branch diode pairs 
in the individual piezo branches 110, 120, 130, 140, 150 
resp. 160, i.e., selector switch 11 and diode 12 in piezo 
branch 110, selector switch 21 and diode 22 in piezo 
branch 120, and so on, can be implemented using elec- 

50 tronic switches (i.e., transistors) with parasitic diodes, 
for example MOSFETs or IGBTs (as stated above for 
the group selector switch/diode pairs 310 and 315 resp. 
320 and 325). The branch selector switches 11 , 21 , 31 , 
41, 51 resp. 61 can be used to establish which of the 

55 piezoelectric elements 10, 20, 30, 40, 50 or 60 will be 
charged in each case by a common charging and dis- 
charging apparatus: in each case, the piezoelectric el- 
ements 10, 20, 30, 40, 50 or 60 that are charged are all 
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those whose branch selector switches 1 1 , 21 , 31 , 41 , 51 
or 61 are closed during the charging procedure which is 
described below. 

[0027] The branch diodes 12, 22, 32, 42, 52 and 62 
serve for bypassing the branch selector switches 11,21, 5 
31, 41, 51 resp. 61 during discharging procedures. 
Hence, in the example considered for charging proce- 
dures any individual piezoelectric element can be se- 
lected, whereas for discharging procedures either the 
first group G1 or the second group G2 of piezoelectric 10 
elements 1 0, 20 and 30 resp. 40, 50 and 60 or both have 
to be selected. 

[0028] Returning to the piezoelectric elements 1 0, 20, 
30, 40, 50 and 60 themselves, the branch selector piezo 
terminals 1 5, 25, 35, 45, 55 resp. 65 may be connected 15 
to ground either through the branch selector switches 
11,21,31,41,51 resp. 61 or through the corresponding 
diodes 12, 22, 32, 42, 52 resp. 62 and in both cases 
additionally through resistor 300. 

[0029] The purpose of resistor 300 is to measure the 20 
currents that flow during charging and discharging of the 
piezoelectric elements 10, 20, 30, 40, 50 and 60 be- 
tween the branch selector piezo terminals 15, 25, 35, 
45, 55 resp. 65 and the ground. A knowledge of these 
currents allows a controlled charging and discharging of 25 
the piezoelectric elements 10, 20, 30, 40, 50 and 60. In 
particular, by closing and opening charging switch 220 
and discharging switch 230 in a manner dependent on 
the magnitude of the currents, it is possible to set the 
charging current and discharging current to predefined 30 
average values and/or to keep them from exceeding or 
falling below predefined maximum and/or minimum val- 
ues as is explained in further detail below. 
[0030] In the example considered, the measurement 
itself further requires a voltage source 621 which sup- 35 
plies a voltage of, for example, 5 V DC and a voltage 
divider implemented as two resistors 622 and 623. This 
is in order to prevent the activation IC E (by which the 
measurements are performed) from negative voltages 
which might otherwise occur on measuring point 620 40 
and which cannot be handled by means of activation IC 
E: such negative voltages are changed into positive volt- 
ages by means of addition with a positive voltage setup 
which is supplied by said voltage source 621 and volt- 
age divider resistors 622 and 623. 45 
[0031] The other terminal of each piezoelectric ele- 
ment 10, 20, 30, 40, 50 and 60, i.e. the group selector 
piezo terminal 14, 24, 34, 44, 54 resp. 64, may be con- 
nected to the plus pole of a voltage source via the group 
selector switch 310 resp. 320 or via the group selector so 
diode 315 resp. 325 as well as via a coil 240 and a par- 
allel circuit made up of a charging switch 220 and a 
charging diode 221, and alternatively or additionally 
connected to ground via the group selector switch 31 0 
resp. 320 or via diode 315 resp. 325 as well as via the 55 
coil 240 and a parallel circuit made up of a discharging 
switch 230 or a discharging diode 231 . Charging switch 
220 and discharging switch 230 are implemented as 
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transistors which are controlled via side drivers 222 re- 
sp. 232. 

[0032] The voltage source comprises an element hav- 
ing capacitive properties which, in the example being 
considered, is the (buffer) capacitor 210. Capacitor 210 
is charged by a battery 200 (for example a motor vehicle 
battery) and a DC voltage converter 201 downstream 
therefrom. DC voltage converter 201 converts the bat- 
tery voltage (for example, 12 V) into substantially any 
other DC voltage (for example 250 V), and charges ca- 
pacitor 210 to that voltage. DC voltage converter 201 is 
controlled by means of transistor switch 202 and resistor 
203 which is utilized for current measurements taken 
from a measuring point 630. 

[0033] For cross check purposes, a further current 
measurement at a measuring point 650 is allowed by 
activation IC E as well as by resistors 651 , 652 and 653 
and a, for example, 5 V DC voltage source 654; more- 
over, a voltage measurement at a measuring point 640 
is allowed by activation IC E as well as by voltage divid- 
ing resistors 641 and 642. 

[0034] Finally, a resistor 330 (referred to as total dis- 
charging resistor), a stop switch implemented as a tran- 
sistor 331 (referred to as stop switch), and a diode 332 
(referred to as total discharging diode) serve to dis- 
charge the piezoelectric elements 10, 20, 30, 40, 50 and 
60 (if they happen to be not discharged by the "normal" 
discharging operation as described further below). Stop 
switch 331 is preferably closed after "normal" discharg- 
ing procedures (cycled discharging via discharge switch 
230). It thereby connects piezoelectric elements 1 0, 20, 
30, 40, 50 and 60 to ground through resistors 330 and 
300, and thus removes any residual charges that might 
remain in piezoelectric elements 1 0, 20, 30, 40, 50 and 
60. The total discharging diode 332 prevents negative 
voltages from occurring at the piezoelectric elements 
10, 20, 30, 40, 50 and 60, which might in some circum- 
stances be damaged thereby. 

[0035] Charging and discharging of all the piezoelec- 
tric elements 10, 20, 30, 40, 50 and 60 or any particular 
one is accomplished by way of a single charging and 
discharging apparatus (common to all the groups and 
their piezoelectric elements). In the example being con- 
sidered, the common charging and discharging appara- 
tus comprises battery 200, DC voltage converter 201, 
capacitor 210, charging switch 220 and discharging 
switch 230, charging diode 221 and discharging diode 
231 and coil 240. 

[0036] The charging and discharging of each piezoe- 
lectric element works the same way and is explained in 
the following while referring to the first piezoelectric el- 
ement 10 only. 

[0037] The conditions occurring during the charging 
and discharging procedures are explained with refer- 
ence to Figs. 3a through 3d, of which Figs. 3a and 3b 
illustrate the charging of piezoelectric element 10, and 
Figs. 3c and 3d the discharging of piezoelectric element 
10. 
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[0038] The selection of one or more particular piezo- 
electric elements 10, 20, 30, 40, 50 or 60 to be charged 
or discharged, the charging procedure as described in 
the following as well as the discharging procedure are 
driven by activation IC E and control unit D by means of 5 
opening or closing one or more of the above introduced 
switches 1 1 , 21 , 31 , 41 , 51 , 61 ; 31 0, 320; 220, 230 and 
331. The interactions between the elements within the 
detailed area A on the on hand and activation IC E and 
control unit D on the other hand are described in detail 10 
further below. 

[0039] Concerning the charging procedure, firstly any 
particular piezoelectric element 10, 20, 30, 40, 50 or 60 
which is to be charged has to be selected. In order to 
exclusively charge the first piezoelectric element 1 0, the f 5 
branch selector switch 11 of the first branch 110 is 
closed, whereas all other branch selector switches 21 , 
31,41,51 and 61 remain opened. In order to exclusively 
charge any other piezoelectric element 20, 30, 40, 50, 
60 or in order to charge several ones at the same time 20 
they would be selected by closing the corresponding 
branch selector switches 21 , 31 , 41 , 51 and/or 61. 
[0040] Then, the charging procedure itself may take 
place: 

[0041] Generally, within the example considered, the 25 
charging procedure requires a positive potential differ- 
ence between capacitor 210 and the group selector pi- 
ezo terminal 14 of the first piezoelectric element 10. 
However, as long as charging switch 220 and discharg- 
ing switch 230 are open no charging or discharging of 30 
piezoelectric element 10 occurs. In this state, the circuit 
shown in Fig. 2 is in a steady-state condition, i.e., pie- 
zoelectric element 1 0 retains its charge state in substan- 
tially unchanged fashion, and no currents flow. 
[0042] In order to charge the first piezoelectric ele- 35 
ment 10, charging switch 220 is closed. Theoretically, 
the first piezoelectric element 10 could become charged 
just by doing so. However, this would produce large cur- 
rents which might damage the elements involved. 
Therefore, the occurring currents are measured at *o 
measuring point 620 and switch 220 is opened again as 
soon as the detected currents exceed a certain limit. 
Hence, in order to achieve any desired charge on the 
first piezoelectric element 10, charging switch 220 is re- 
peatedly closed and opened whereas discharging 45 
switch 230 remains open. 

[0043] In more detail, when charging switch 220 is 
closed, the conditions shown in Fig. 3a occur, i.e., a 
closed circuit comprising a series circuit made up of pi- 
ezoelectric element 10, capacitor 210, and coil 240 is so 
formed, in which a current He (t) flows as indicated by ar- 
rows in Fig. 3a. As a result of this current flow both pos- 
itive charges are brought to the group selector piezo ter- 
minal 14 of the first piezoelectric element 10 and energy 
is stored in coil 240. 55 
[0044] When charging switch 220 opens shortly (for 
example, a few us) after it has closed, the conditions 
shown in Fig. 3b occur: a closed circuit comprising a se- 



ries circuit made up of piezoelectric element 10, charg- 
ing diode 221, and coil 240 is formed, in which a 
current !LA (t) flows as indicated by arrows in Fig. 3b. The 
result of this current flow is that energy stored in coil 240 
flows into piezoelectric element 10. Corresponding to 
the energy delivery to the piezoelectric element 10, the 
voltage occurring in the latter, and its external dimen- 
sions, increase. Once energy transport has taken place 
from coil 240 to piezoelectric element 10, the steady- 
state condition of the circuit, as shown in Fig. 2 and al- 
ready described, is once again attained. 
[0045] At that time, or earlier, or later (depending on 
the desired time profile of the charging operation), 
charging switch 220 is once again closed and opened 
again, so that the processes described above are re- 
peated. As a result of the re-closing and re-opening of 
charging switch 220, the energy stored in piezoelectric 
element 10 increases (the energy already stored in the 
piezoelectric element 10 and the newly delivered energy 
are added together), and the voltage occurring at the 
piezoelectric element 10, and its external dimensions, 
accordingly increase. 

[0046] If the aforementioned closing and opening of 
charging switch 220 are repeated numerous times, the 
voltage occurring at the piezoelectric element 10, and 
the expansion of the piezoelectric element 10, rise in 
steps. 

[0047] Once charging switch 220 has closed and 
opened a predefined number of times, and/or once pie- 
zoelectric element 10 has reached the desired charge 
state, charging of the piezoelectric element is terminat- 
ed by leaving charging switch 220 open. 
[0048] Concerning the discharging procedure, in the 
example considered, the piezoelectric elements 10, 20, 
30, 40, 50 and 60 are discharged in groups (G1 and/or 
G2) as follows: 

[0049] Firstly, the group selector switch(es) 310 and/ 
or 320 of the group or groups G1 and/or G2 the piezo- 
electric elements of which are to be discharged are 
closed (the branch selector switches 11, 21, 31, 41, 51, 
61 do not affect the selection of piezoelectric elements 
10, 20, 30, 40, 50, 60 for the discharging procedure, 
since in this case they are bypassed by the branch di- 
odes 12, 22, 32, 42, 52 and 62). Hence, in order to dis- 
charge piezoelectric element 10 as a part of the first 
group G1, the first group selector switch 310 is closed. 
[0050] When discharging switch 230 is closed, the 
conditions shown in Fig. 3c occur: a closed circuit com- 
prising a series circuit made up of piezoelectric element 
10 and coil 240 is formed, in which a current see (t) flows 
as indicated by arrows in Fig. 3c. The result of this cur- 
rent flow is that the energy (a portion thereof) stored in 
the piezoelectric element is transported into coil 240. 
Corresponding to the energy transfer from piezoelectric 
element 10 to coil 240, the voltage occurring at the pie- 
zoelectric element 10, and its external dimensions, de- 
crease. 

[0051] When discharging switch 230 opens shortly 
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(for example, a few us) after it has closed, the conditions 
shown in Fig. 3d occur: a closed circuit comprising a se- 
ries circuit made up of piezoelectric element 10, capac- 
itor 210, discharging diode 231, and coil 240 is formed, 
in which a current jd ea (t) flows as indicated by arrows in 5 
Fig. 3d. The result of this current flow is that energy 
stored in coil 240 is fed back into capacitor 210. Once 
energy transport has taken place from coil 240 to ca- 
pacitor 210, the steady-state condition of the circuit, as 
shown in Fig. 2 and already described, is once again 10 
attained. 

[0052] At that time, or earlier, or later (depending on 
the desired time profile of the discharging operation), 
discharging switch 230 is once again closed and opened 
again, so that the processes described above are re- 15 
peated. As a result of the re-closing and re-opening of 
discharging switch 230, the energy stored in piezoelec- 
tric element 10 decreases further, and the voltage oc- 
curring at the piezoelectric element, and its external di- 
mensions, also accordingly decrease. 20 
[0053] If the aforementioned closing and opening of 
discharging switch 230 are repeated numerous times, 
the voltage occurring at the piezoelectric element 10, 
and the expansion of the piezoelectric element 10, de- 
crease in steps. 25 
[0054] Once discharging switch 230 has closed and 
opened a predefined number of times, and/or once the 
piezoelectric element has reached the desired dis- 
charge state, discharging of the piezoelectric element 
10 is terminated by leaving discharging switch 230 30 
open. 

[0055] The interaction between activation IC E and 
control unit D on the one hand and the elements within 
the detailed area A on the other hand is performed by 
control signals sent from activation IC E to elements 35 
within the detailed area A via branch selector control 
lines 410, 420, 430, 440, 450, 460, group selector con- 
trol lines 510, 520, stop switch control line 530, charging 
switch control line 540 and discharging switch control 
line 550 and control line 560. On the other hand, there 40 
are sensor signals obtained on measuring points 600, 
61 0, 620, 630, 640, 650 within the detailed area A which 
are transmitted to activation IC E via sensor lines 700, 
710, 720, 730, 740, 750, as well as to control unit D via 
sensor lines 700 and 710. 45 
[0056] The control lines are used to apply or not to 
apply voltages to the transistor bases in order to select 
piezoelectric elements 10, 20, 30, 40, 50 or 60, to per- 
form charging or discharging procedures of single or 
several piezoelectric elements 10, 20, 30, 40, 50, 60 by 50 
means of opening and closing the corresponding 
switches as described above. The sensor signals are 
particularly used to determine the resulting voltage of 
the piezoelectric elements 10, 20, 30 and 40, 50, 60 from 
measuring points 600 and 610, respectively, and the 55 
charging and discharging currents from measuring point 
620. Control unit D and activation IC E are used to com- 
bine both kinds of signals in order to perform an inter- 



action of both as will be described in detail now while 
referring to Figs. 2 and 4. 

[0057] As is indicated in Fig. 2, control unit D and ac- 
tivation IC E are connected to each other by means of 
a parallel bus 840 and additionally by means of a serial 
bus 850. The parallel bus 840 is particularly used for fast 
transmission of control signals from control unit D to the 
activation IC E, whereas the serial bus 850 is used for 
slower data transfer. 

[0058] In Fig. 4 some components of general signifi- 
cance are indicated: a logic circuit 800, RAM memory 
810, digital to analog converter system 820 and coop- 
erator system 830. Furthermore, it is indicated that the 
fast parallel bus 840 (used for control signals) is con- 
nected to the logic circuit 800 of the activation IC E, 
whereas the slower serial bus 850 is connected to the 
RAM memory 810. The logic circuit 800 is connected to 
the RAM memory 810, to the cooperator system 830 
and to the signal lines 410, 420, 430, 440, 450 and 460; 
510 and 520; 530; 540, 550 and 560. The RAM memory 
81 0 is connected to the logic circuit 800 as well as to the 
digital to analog converter system 820. The digital to an- 
alog converter system 820 is further connected to the 
cooperator system 830. The cooperator system 830 is 
further connected to the sensor lines 700 and 710; 720; 
730, 740 and 750 and -as already mentioned- to the log- 
ic circuit 800. 

[0059] The above listed components may be used in 
a charging procedure for example as follows: 
[0060] By means of the control unit D, described in 
more detail below with reference to Fig. 5, a particular 
piezoelectric element 10, 20, 30, 40, 50 or 60 is deter- 
mined which is to be charged to a certain target voltage. 
Then, the value of the target voltage (expressed by a 
digital number) is be transmitted to the RAM memory 
81 0 via the slower serial bus 850. Later or simultane- 
ously, a code signal corresponding to the particular pi- 
ezoelectric element 10, 20, 30, 40, 50 or 60 which is to 
be selected and including information about the address 
of the transmitted voltage within the RAM memory 810 
is transmitted to the logic circuit 800 via the parallel bus 
840. Later on, a strobe signal 2, as discussed above with 
reference to Fig. 1c, is sent to the logic circuit 800 via 
the parallel bus 840 which gives the start signal for the 
charging procedure. 

[0061] The start signal firstly causes the logic circuit 
800 to pick up the digital value of the target voltage from 
the RAM memory 810 and to put it on the digital to an- 
alog converter system 820 whereby at one analog exit 
of the converters 820 the desired voltage occurs. More- 
over, said analog exit (not shown) is connected to the 
cooperator system 830. In addition hereto, the logic cir- 
cuit 800 selects either measuring point 600 (for any of 
the piezoelectric elements 10, 20 or 30 of the first group 
G1 ) or measuring point 61 0 (for any of the piezoelectric 
elements 40, 50 or 60 of the second group G2) to the 
cooperator system 830. Resulting thereof, the target 
voltage and the present voltage at the selected piezoe- 
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lectric element 10, 20, 30, 40, 50 or 60 are compared 
by the cooperator system 830. The results of the com- 
parison, i.e., the differences between the target voltage 
and the present voltage, are transmitted to the logic cir- 
cuit 800. Thereby, the logic circuit 800 can stop the pro- 5 
cedure as soon as the target voltage and the present 
voltage are equal to one another. 
[0062] Secondly, the logic circuit 800 applies a control 
signal to the branch selector switch 11, 21, 31, 41, 51 
or 61 which corresponds to any selected piezoelectric 10 
element 10, 20, 30, 40, 50 or 60 so that the switch be- 
comes closed (all branch selector switches 11, 21, 31, 
41 , 51 and 61 are considered to be in an open state be- 
fore the onset of the charging procedure within the ex- 
ample described). Then, the logic circuit 800 applies a 15 
control signal to the charging switch 220 so that the 
switch becomes closed. Furthermore, the logic circuit 
800 starts (or continues) measuring any currents occur- 
ring on measuring point 620. Hereto, the measured cur- 
rents are compared to any predefined maximum value 20 
by the cooperator system 830. As soon as the prede- 
fined maximum value is achieved by the detected cur- 
rents, the logic circuit 800 causes the charging switch 
220 to open again. 

[0063] Again, the remaining currents at measuring 25 
point 620 are detected and compared to any predefined 
minimum value. As soon as said predefined minimum 
value is achieved, the logic circuit 800 causes the 
branch selector switch 11 , 21 , 31 , 41 , 51 or 61 to close 
again and the procedure starts once again. 30 
[0064] The closing and opening of the charging switch 
220 is repeated as long as the detected voltage at meas- 
uring point 600 or 610 is below the target voltage. As 
soon as the target voltage is achieved, the logic circuit 
stops the continuation of the procedure. 35 
[0065] The discharging procedure takes place in a 
corresponding way: Now the selection of the piezoelec- 
tric element 10, 20, 30, 40, 50 or 60 is obtained by 
means of the group selector switches 310 resp. 320, the 
discharging switch 230 instead of the charging switch <o 
220 is opened and closed and a predefined minimum 
target voltage is to be achieved. 
[0066] Reference may now additionally be had to Fig. 
5, which shows a block diagram of the control unit D. 
Control unit D includes central processing unit (CPU) 6, 45 
parallel interface 8 and analog/digital converter 9. Ana- 
log/digital converter 9 includes a results buffer 5 for stor- 
ing measured voltages received via lines 700, 710 and 
760 from voltage measuring points 600, 610 and 640, 
respectively. so 
[0067] Strobe pulses 2 trigger the beginning or end of 
an injection event. CPU 6 determines which piezoelec- 
tric actuator is to be charged or discharged, i.e., which 
engine cylinder's injection valve is to be affected and, 
consequently, which piezoelectric actuator is to have its 55 
voltage measured. CPU 6 also determines when the 
voltage across buffer capacitor 210 is to be measured. 
The identification of the device to be measured is sent 
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from CPU 6 to parallel interface 8. CPU 6 preferably in- 
crements the piezoelectric actuator to be measured with 
every two crankshaft revolutions in synchronization with 
a four-stroke engine working cycle, though other 
schemes are possible. CPU 6 may be any suitable proc- 
essor or microprocessor. 

[0068] Parallel interface 8, in response to strobe puls- 
es, generates voltage measurement trigger pulses 4, as 
discussed above with reference to Fig. 1d. Trigger puls- 
es 4 may occur at a time offset At before the beginning 
or after the trailing edge of a strobe pulse 2. Time offset 
At is selected so as to ensure that the preceding charge 
or discharge action has been completed. Time offset At 
may be, for example, 1 0 to 1 5 u.sec before the beginning 
of the next charging/discharging action, or 1 0 to 1 5 |xsec 
before the trailing edge of the next strobe pulse. 
[0069] Referring to Figs. 6a through d, a piezoelectric 
actuator may undergo a period of damped mechanical 
oscillation following a charging/discharging action 1 of 
an injection event VE2, VE1, etc., with an oscillation 3 
in the voltage level across the actuator. Voltage level 
measurements of the actuator taken during this period 
may be non-useful or at least not fully useful. In one em- 
bodiment of the invention, trigger pulses 4 are generat- 
ed at the same time as the start of the strobe pulse 2 of 
the following charging/discharging action 1, as shown 
in Figs. 6b through d. The voltage measurement is 
thereby performed as late as possible after the charging 
or discharging action which established the voltage level 
to be measured, but still before the start of the following 
charging/discharging action. This embodiment may 
avoid voltage measurements being taken during the os- 
cillation period following a charging/discharging action. 
[0070] Analog/digital converter 9 receives trigger 
pulses 4 from parallel interface 8 and in response to 
each trigger pulse reads the voltage across piezo ele- 
ment banks G 1 and G2 and across buffer capacitor 210. 
The voltage is read by first converting the instantaneous 
analog voltage values received via sensor lines 700, 
710 and 760, corresponding to the voltage across bank 
G1, bank G2 and buffer capacitor 210, respectively, into 
digital values. The resulting digital voltage values are 
then saved in results buffer 5. Because analog/digital 
converter 9 has no information concerning which bank 
G1 or G2 is the active injection bank, the voltages for 
both banks are read simultaneously and the results are 
stored in results buffer 5. This helps to reduce the load 
on CPU 6 due to communications traffic with analog/dig- 
ital converter 9, for example, during an injection opera- 
tion. CPU 6 may then fetch the stored voltage values 
after the injection event is completed, when the load on 
the CPU is lower. 

[0071] An injection cycle of, for example, one bank G1 
actuator with injection operations VE1 , VE2, HE, and NE 
can be interrupted by the injection events VE or NE of 
an actuator in bank G2. Consequently, a voltage meas- 
urement trigger pulse is generated for only one actuator 
defined by the CPU at a time. This makes possible a 
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particularly simple correlation of the values stored in re- 
sult buffer 5 to the injection operations of a given actu- 
ator. 

[0072] In some embodiments of the present invention, 
the voltage of less than the described four injection 
events and even of only one injection event of a given 
injection cycle for one actuator is measured. For exam- 
ple, if only the HE event occurs, only the voltage for the 
HE event may be measured. 

[0073] Numerous variations, beyond the embodi- 
ments discussed herein, are possible in specific- imple- 
mentations of a method and/or apparatus according to 
the present invention. For example, variations are pos- 
sible in the specific configuration and operation of acti- 
vation IC E and control unit D. Of course, other activation 
and control devices may instead be employed within the 
scope of the present invention, as would be understood 
by one of skill in the art. The present invention may be 
applied in different types of engines using piezoelectric 
elements. It is also to be understood that the present 
invention is not limited to fuel injection actuators, but 
may be applied to piezoelectric elements for virtually 
any suitable use. The scope of the present invention is 
intended to be limited only by the attached claims. 



Claims 

1. A method for timed measurement of a voltage 
across a device in a charging circuit of at least one 
piezoelectric element, characterized in that the 
voltage across a buffer capacitor is sensed and 
the sensed voltage is read at a predefined time in 
synchronization with an injection event of the at 
least one piezoelectric element. 

2. The method as recited in claim 1 , characterized in 
that the voltage across the at least one piezoelec- 
tric element is sensed and the sensed voltage is 
read at a predefined time in synchronization with an 
injection event of the at least one piezoelectric ele- 
ment. 

3. The method as recited in claim 1 or 2, character- 
ized in that the predefined time is a predefined time 
offset before or after a respective charging or dis- 
charging action of the injection event. 

4. The method as recited in claim 3, characterized in 
that the respective charging or discharging action 
is started in response to a respective strobe pulse, 
the predefined time offset being in relation to the 
respective strobe pulse. 

5. The method as recited in claim 4, characterized in 
that the predefined time is coincident with the re- 
spective strobe pulse, the respective charging or 
discharging action being started a second prede- 
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fined time offset following the respective strobe 
pulse. 

6. The method as recited in one of the preceding 
5 claims, characterized in that the read voltage is 

used for at least one of: 

determining an energy loss or power dissipa- 
tion factor of the at least one piezoelectric ac- 
10 tuator; 

determining a capacitance of the at least one 
piezoelectric actuator; 

diagnosing a capacitance of the buffer capaci- 
tor and/or associated circuitry; and 
15 regulating a voltage gradient across the device. 

7. The method as recited in one of the preceding 
claims, characterized in that the read voltage is 
used to correct a charging or discharging of the at 

20 least one piezoelectric element, in particular for ag- 
ing phenomena and/or temperature effects. 

8. The method as recited in one of the preceding 
claims, characterized in that the read voltage is 

25 used for a diagnosis of at least one of the at least 
one piezoelectric element and/or at least one injec- 
tor associated with the at least one piezoelectric el- 
ement. 

30 9. The method as recited in one of the preceding 
claims, characterized in that the at least one pie- 
zoelectric element includes at least two piezoelec- 
tric elements disposed electrically parallel in a bank, 
the sensed voltage being the voltage across the 

35 bank. 

10. The method as recited in one of the claims 1 through 
9, characterized in that the at least one piezoelec- 
tric element is part of an engine fuel injection sys- 

40 tern. 

1 1 . An apparatus for timed measuring a voltage across 
a device in a charging circuit of at least one piezo- 
electric element (10, 20, 30, 40, 50, 60), character- 
's ized in that a voltage measuring device (E) is pro- 
vided, the voltage measuring device sensing a volt- 
age across a buffer capacitor in the charging circuit, 
the voltage measuring device reading the sensed 
voltage at least one predefined time in synchroni- 
se zation with an injection event of the at least one pi- 
ezoelectric element. 

12. The apparatus as recited in claim 11, characterized 
in that said voltage measuring device can sense a 

ss voltage across at least one piezoelectric element 
(10, 20, 30, 40, 50, 60) in the charging circuit, and 
in that said voltage measuring device can read the 
sensed voltage at least one predefined time in syn- 
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chronization with an injection event of the at least 
one piezoelectric element. 

13. The apparatus as recited in claim 11 or 12, charac- 
terized in that the at least one predefined time is a 5 
predefined time offset before or after a respective 
charging or discharging action of at least one of the 

at least one piezoelectric element (10, 20, 30, 40, 
50, 60). 

10 

14. The apparatus as recited in one of the claims 11 
through 13, characterized in that the voltage 
measuring device (E) includes at least one of a volt- 
age detector, a microprocessor, an analog/digital 
converter and a buffer. is 

15. The apparatus as recited in one of the claims 11 
through 14, characterized in that the at least one 
piezoelectric element (10, 20, 30, 40, 50, 60) is part 

of an engine fuel injection system. 20 

16. An apparatus for timed measuring of a first voltage 
across a first bank of first piezoelectric elements 
(10, 20, 30) arranged in parallel and a second volt- 
age across a second bank of second piezoelectric 25 
elements (40, 50, 60) arranged in parallel, charac- 
terized in that a voltage measuring device (E) is 
provided, the voltage measuring device sensing the 
first and second voltages and a third voltage across 

a buffer capacitor, the voltage measuring device 30 
reading the sensed first and second and third volt- 
ages at a predefined time in synchronization with 
an injection event of at least one of the first and sec- 
ond piezoelectric elements. 



Patentanspruche 

1. Verfahren zur zeitlichen Messung einer Spannung 
an einer Einrichtung in einem Ladekreis minde- <o 
stens eines piezoelektrischen Elements, dadurch 
gekennzeichnet, daft die Spannung an einem Puf- 
ferkondensator erf a (it und 
die erfaftte Spannung zu einem vorbestimmten 
Zeitpunkt synchron mit einem Einspritzereignis des <5 
mindestens einen piezoelektrischen Elements ge- 
lesen wird. 
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vordefinierter Zeitoffset vor Oder nach einer jeweili- 
gen Lade- Oder Entladeaktion des Einspritzereig- 
nisses ist. 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, dad die jeweilige Lade- oder Entladeak- 
tion als Reaktion auf einen jeweiligen Strobeimpuls 
gestartet wird, wobei der vordefinierte Zeitoffset in 
Beziehung zu dem jeweiligen Strobeimpuls liegt. 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet, daft der vordefinierte Zeitpunkt mit dem 
jeweiligen Strobeimpuls zusammenfallt, wobei die 
jeweilige Lade- oder Entladeaktion bei einem zwei- 
ten vordefinierten Zeitoffset nach dem jeweiligen 
Strobeimpuls gestartet wird. 

6. Verfahren nach einem der vorhergehenden AnsprO- 
che, dadurch gekennzeichnet, daft die Lesespan- 
nung fur mindestens eines der folgenden verwen- 
det wird: 

Bestimmen eines Energieverlusts oder eines 
Leistungsverlustfaktors des mindestens einen 
piezoelektrischen Aktuators; 
Bestimmen einer Kapazitat des mindestens ei- 
nen piezoelektrischen Aktuators; 
Diagnostizieren einer Kapazitat des Pufferkon- 
densators und/oder einer damit verbundenen 
Schaltung und 

Regeln eines Spannungsgradienten an der 
Einrichtung. 

7. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daft mit der Lese- 
spannung ein Laden oder Entladen des mindestens 
einen piezoelektrischen Elements korrigiert wird, 
insbesondere fur Alterungsphanomene und/oder 
Temperatureffekte. 

8. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daft die Lesespan- 
nung fur eine Diagnose mindestens eines des min- 
destens einen piezoelektrischen Elements und/ 
oder mindestens einen Einspritzventils, das dem 
mindestens einen piezoelektrischen Element zuge- 
ordnet ist, verwendet wird. 



2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die Spannung an dem mindestens 50 
einen piezoelektrischen Element erfaftt und die er- 
faftte Spannung zu einem vorbestimmten Zeitpunkt 
synchron zu einem Einspritzereignis des minde- 
stens einen piezoelektrischen Elements gelesen 
wird. 55 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daft der vordefinierte Zeitpunkt ein 



9. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daft das minde- 
stens eine piezoelektrische Element mindestens 
zwei elektrisch parallel in einer Bank angeordnete 
piezoelektrische Elemente enthalt, wobei die 
erfaftte Spannung die Spannung an der Bank ist. 

10. Verfahren nach einem der Anspruche 1 bis 9, da- 
durch gekennzeichnet, daft das mindestens eine 
piezoelektrische Element Teil eines Motorkraftstof- 
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feinspritzsystems ist. 

11. Vorrichtung fur das zeitliche Messen einer Span- 
nung an einer Einrichtung in einem Ladekreis min- 
destens eines piezoelektrischen Elements (1 0, 20, 5 
30, 40, 50, 60), dadurch gekennzeichnet, dad ei- 

ne Spannungsmefteinrichtung (E) vorgesehen ist, 
wobei die Spannungsmelieinrichtung eine Span- 
nung an einem Pufferkondensator im Ladekreis er- 
faftt, wobei die Spannungsmefieinrichtung die er- 10 
falite Spannung zu mindestens einem vorbestimm- 
ten Zeitpunkt synchron zu einem Einspritzereignis 
des mindestens einen piezoelektrischen Elements 
liest. 

15 

12. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die Spannungsmefceinrichtung eine 
Spannung an mindestens einem piezoelektrischen 
Element (10, 20, 30, 40, 50, 60) in dem Ladekreis 
erfassen kann und dali die Spannungsmefleinrich- 20 
tung die erfalite Spannung zu mindestens einem 
vorbestimmten Zeitpunkt synchron mit einem Ein- 
spritzereignis des mindestens einen piezoelektri- 
schen Elements lesen kann. 

25 

13. Vorrichtung nach Anspruch 11 Oder 12, dadurch 
gekennzeichnet, daft der mindestens eine vorde- 
fmierte Zeitpunkt ein vordefinierter Zeitoffset vor 
Oder nach einer jeweiligen Ladeoder Entladeaktion 
von mindestens einen des mindestens einem pie- 30 
zoelektrischen Elements (10, 20, 30, 40, 50, 60) ist. 

14. Vorrichtung nach einem der Anspruche 11 bis 13, 
dadurch gekennzeichnet, daft die Spannungs- 
mefieinrichtung (E) mindestens einen der folgen- 35 
den enthSIt: einen Spannungsdetektor, einen Mi- 
kroprozessor, einen Analog-Digital-Umsetzer und 
einen Puffer. 
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mindestens eines der ersten und zweiten piezo- 
elektrischen Elemente liest. 



Revendications 

1. Procede de mesure temporisee d'une tension aux 
bornes d'un dispositif utilise dans un circuit de char- 
ge d'au moins un element piezo-electrique, 
caracterise en ce qu ( 

on detecte la tension aux bornes d'un condensateur 
tampon, et 

on lit la tension detectee a un moment predefini en 
synchronisme avec un evenement d'injection de 
('element piezo-electrique. 

2. Procede selon la revendication 1 , 
caracterise en ce qu* 

on detecte la tension aux bornes de I'element piezo- 
electrique, et 

on lit la tension detectee a un moment predefini en 
synchronisme avec un evenement d'injection de 
I'element piezo-electrique. 

3. Procede selon la revendication 1 ou 2, 
caracterise en ce que 

le moment predefini est un moment predefini decale 
de maniere a venir avant ou apres une action de 
charge ou de decharge respective de I'evenement 
d'injection. 

4. Procede selon la revendication 3, 
caracterise en ce que 

Taction de charge ou de decharge respective est 
demarree en reponse a une impulsion de declen- 
chement respective, le decalage de temps predefini 
etant en relation avec I'impulsion de declenchement 
respective. 



15. Vorrichtung nach einem der Anspruche 11 bis 14, 40 
dadurch gekennzeichnet, dad das mindestens ei- 
ne piezoelektrische Element (10, 20, 30, 40, 50, 60) 
Teil eines Motorkraftstoffeinspritzsystems ist. 

16. Vorrichtung fur das zeitliche Messen einer ersten 45 
Spannung an einer ersten Bank aus ersten piezo- 
elektrischen Elementen (10, 20, 30), die parallel an- 
geordnet sind, und einer zweiten Spannung an ei- 
ner zweiten Bank von zweiten piezoelektrischen 
Elementen (40, 50, 60), die parallel angeordnet so 
sind, dadurch gekennzeichnet, dad eine Span- 
nungsmefieinrichtung (E) vorgesehen ist, wobei die 
Spannungsmefieinrichtung die erste und zweite 
Spannung und eine dritte Spannung und einen Puf- 
ferkondensator erfafit, wobei die 55 
Spannungsmefieinrichtung die erfadte erste und 
zweite und dritte Spannung zu einem vorbestimm- 
ten Zeitpunkt synchron zu einem Einspritzereignis 



5. Procede selon la revendication 4, 
caracterise en ce que 

le temps predefini coincide avec i'impulsion de de- 
clenchement respective, Taction de charge ou de 
decharge respective etant demarree avec un se- 
cond decalage de temps predefini venant a la suite 
de I'impulsion de declenchement respective. 

6. Procede selon Tune des revendications preceden- 
tes, 

caracterise en ce que 

la tension de lecture est utilisee pour Tune au moins 
des operations consistant a : 

determiner un facteur de perte d'energie ou de 
dissipation de puissance de I'actionneur piezo- 
electrique, 

determiner la capacite de Tactionneur piezo- 
electrique. 
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diagnostiquer la capacite du condensateur 
tampon et/ou du circuit associe, et . 
reguler un gradient de tension aux bornes du 
dispositif. 

5 

Procede selon Tune des revendications pr§ceden- 
tes, 

caracterise en ce que 

la tension de lecture est utilisee pour corriger la 
charge ou la decharge de I'element piezo-electri- 10 
que, en particulier pour des ph6nomenes de vieillis- 
sement et/ou pour des effets de temperature. 

Procede selon Tune des revendications preceden- 
tes, 15 
caracterisee en ce que 

la tension de lecture est utilised pour un diagnostic 
de Tun au moins de Tenement piezo-6lectrique et/ou 
d'au moins un injecteur associe a I'element piezo- 
electrique au moins unique. 20 



13. Appareil selon la revendication 11 ou 12, 
caracterise en ce que 

le moment predefini est un moment predefini decale 
de maniere a venir avant ou apres une action de 
charge ou de dScharge respective de Tun au moins 
de I'element piezo-electrique (10, 20, 30, 40, 50, 
60). 

14. Appareil selon Tune des revendications 11 a 13, 
caracterise en ce que 

le dispositif de mesure de tension (E) comprend Tun 
au moins d'un detecteur de tension, d'un micropro- 
cesseur, d'un convertisseur analogique/numerique 
et d'une memoire tampon. 

15. Appareil selon I'une des revendications 11 a 14, 
caracterise en ce que 

I'element piezo-6lectrique (10, 20, 30, 40, 50, 60) 
fait partie d'un systeme d'injection de carburant d'un 
moteur. 



9. Proced6 selon I'une des revendications pr6c6den- 
tes, 

caracterise en ce que 

I'element piezo-electrique comprend au moins deux 
elements piezo-electriques disposes electrique- 
ment en parallele dans un banc, la tension detectee 
etant la tension aux bornes du banc. 

10. Proced6 selon I'une des revendications 1 a 9, 
caracterise en ce que 

Tenement piezo-electrique fait partie d'un systeme 
d'injection de carburant d'un moteur. 

11. Appareil de mesure temporisee d'une tension aux 
bornes d'un dispositif utilise dans un circuit de char- 
ge d'au moins un element piezo-electrique (10, 20, 
30, 40, 50, 60), 

caracterise en ce qu ( 

on pr6voit un dispositif de mesure de tension (E), 
ce dispositif de mesure de tension detectant une 
tension aux bornes d'un condensateur tampon 
dans le circuit de charge, le dispositif de mesure de 
tension lisant la tension detectee a au moins un mo- 
ment predefini en synchronisme avec un evene- 
ment d'injection de I'element piezo-electrique. 

12. Appareil selon la revendication 11, 
caracterise en ce que 

le dispositif de mesure de tension peut detecter une 
tension aux bornes d'au moins un element pi6zo- 
electrique (10, 20, 30, 40, 50, 60) dans le circuit de 
charge, et 

le dispositif de mesure de tension peut lire la tension 
detectee a au moins un moment predefini en syn- 
chronisme avec un evenement d'injection de P6le- 
ment piezo-electrique. 



1 6. Appareil de mesure temporised d'une premiere ten- 
sion aux bornes d'un premier banc de premiers 6I6- 
ments piezo-electriques (10, 20, 30) disposes en 
parallele, et d'une seconde tension aux bornes d'un 
second banc de seconds elements piezo-electri- 
ques (40, 50, 60) disposes en parallele, 
caracterise en ce qu* 

on prevoit un dispositif de mesure de tension (E), 
ce dispositif de mesure de tension detectant la pre- 
miere tension et la seconde tension ainsi qu'une 
troisieme tension aux bornes d'un condensateur 
tampon, le dispositif de mesure de tension iiant les 
premiere, seconde et troisieme tensions d6tectees 
a un moment predefini en synchronisme avec un 
Evenement d'injection de Tun au moins des premier 
et second 6l6ments piezo-6lectriques. 
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FIG. 5 
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FIG. 7 
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